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and so a diminished flow of blood into the
right atrium. The stroke volume is thus lowered
and the cardiac output and arterial blood pres-
sure fall. These haemodynamic changes trigger
off peripheral and central baro-receptors with
consequent sympathico-adrenal stimulation,
and there is a huge increase in the levels of
catecholamines in the plasma, sometimes by
over 200 times. As a result of impaired renal
perfusion, there is also intense secretion of
renin and so a great increase of angiotensin II
in the plasma (pp. 258-9).

The combined effects of these massive
amounts of vasoactive agents result in an in-
crease in the tone of the systemic veins, so that in
spite of their reduced content of blood, central
venous pressure and right atrial filling are par-
tially restored, the heart rate increases, and car-
diac output tends to rise towards normal. The
high levels of catecholamines and angiotensin
also cause constriction of the arterioles and
venules in the skin, splanchnic area, and indeed
most of the tissues of the body, so that peri-
pheral resistance is increased, and even without
treatment the blood pressure may be partially or
fully restored, although tissue perfusion is low.
The heart and central nervous system do not
suffer to the same extent as the other tissues
because they can autoregulate their own perfu-
sion: their small blood vessels do not contract
in response to noradrenaline, etc., but have an
inherent property of relaxing when the blood
pressure falls and contracting when it rises. In
consequence of this autoregulatory mechanism,
cerebral and coronary blood flow are maintained
close to normal levels at blood pressures down to
50 mm Hg. At this pressure, arteriolar relaxa-
tion is maximal and perfusion rapidly falls off
at lower pressures.

This, then, is the haemodynamic status in
early shock. Compensating changes have tended
to keep up the cardiac output and blood pres-
sure, and the brain and heart are preferentially
supplied with blood at the expense of dim-
inished perfusion of the other tissues. If less
than 25 per cent of the blood has been lost, and
if there are no serious complicating factors (see
below), the blood volume will rise naturally:
vasoconstriction of the arterioles is greater than
in the venules, so that the pressure in the capil-
laries is low and extravascular fluid passes into
them (p. 49), and the high levels of angiotensin
II stimulate adrenal secretion of aldosterone,

which promotes retention of salt and water.
The circulation is nevertheless precarious, and
further bleeding, major surgery to deal with the
causal injury or bleeding vessel, severe pain, or
the development of infection, will all tend to
increase the circulatory deficit. // is therefore
important, in all save the mildest cases, to
restore the blood volume by intravenous admin-
istration of fluid. The nature of the fluid is not
so important as the avoidance of delay: buf-
fered saline or macromolecular solutions
(plasma, dextran, etc.) are both effective in-
itially, but macromolecular solutions have the
advantage of maintaining the osmotic pressure
of the plasma, thus tending to hold fluid in cir-
culation, and are usually used for losses of
around 25 per cent or more of the blood. It is
also important to maintain the haematocrit at
around 30 per cent in order to minimise tissue
hypoxia, and matched blood (or in an urgent
situation Group O Rh negative blood) are nor-
mally administered if haemorrhage has ex-
ceeded 25 per cent of the blood volume. Some
estimate of the volume of fluids required can be
made from the amount of blood lost, the clini-
cal state, and the severity and nature of injury,
but account must also be taken of internal haem-
orrhage, e.g. into the gastro-intestinal tract or
around a fracture. The haemoglobin and haem-
atocrit levels are not reliable guides to the
degree of hypovolaemia during the first 36
hours. In the absence of cardiac insufficiency, a
low blood pressure is an indication of hypo-
volaemia in early shock, but because of the
compensatory mechanisms described above, it
may be normal or nearly so in patients with
serious hypovolaemia. A low central venous
pressure is often, although not always, a useful
indication of hypovolaemia, and if possible this
should be monitored in all except mild cases of
shock.

Although the peripheral vasoconstriction of
shock serves a compensatory function, it is also
harmful by reducing general tissue perfusion
and it may, by increasing peripheral resistance,
induce heart failure (see below). In some cases,
the blood pressure may rise above normal, and
the vasoconstriction may persist in spite of
restoration of the blood volume. Drugs which
promote vasodilatation (e.g. thymoxamine,
sodium nitroprusside) are therefore sometimes
beneficial, but only when steps have been taken
to restore the blood volume: in the hypovol-